Indiscriminate and frequent use of insecticides are causing occurrence of resistance problem in the treated population in mosquitoes. Organophosphates are associated with esterase enzyme overproduction leading towards the selection of resistant population. Esterase pattern was studied from two geographically isolated populations of Culex quinquefasciatus by the Polyacrylamide Gel Electrophoresis (PAGE). The municipal area of Sirajganj (24°19'48" N, 89°37'12"E) is located 160 km away from Dhaka (23°42'0" N, 90°22'30"E), the capital of Bangladesh. In Dhaka insecticides are frequently sprayed with by the city corporation whereas in Sirajganj town insecticides usually not in use. Altogether eight and seven esterase bands were observed from above two populations. These were named as Est-1, Est-2, Est-3, Est-4, Est-5 Est-6, Est-7, Est-8, respectively. Sirajganj population in general showed less esterase activity in comparison with that of Hatirjheel. Est-5 in Hatirjheel population was found to be distinct and darkly stained. These reflect increasing insecticide resistance due to excessive use of insecticides in mosquito control program in the Dhaka city. Furthermore, in Sirajganj population two female samples were found to produce unique bands in Est-2, very thick (~50-100fold), although these specimens were morphologically similar to other samples, alleged to be the occurrence of species complex in Culex quinquefasciatus. Nation wide intensive sampling and large scale study in terms of esterase appears to be essential to reveal the entity of species complex and correlate resistance with the esterases for managerial purpose.
Introduction
Mosquitoes are insects those belong to the order Diptera. Over 2500 different species of mosquitoes have been reported world-wide and of 113 spp. have in Bangladesh.
(1) Culex quinquefasciatus is one of the most nuisance species. It is annoying that cause serious problem in human health and domestic animals. They are capable of transmitting diseases such as filariasis and encephalitis to humans and animals. (1) *Corresponding author: <dr_reza_111@ yahoo.com>
The enhancement of disease transmission is done because of the process of rapid urbanization and unplanned growth of cities. These have resulted into man made mosquito proliferation habitats promoting the breeding of a variety of disease vectors. Lack of adequate drainage and in many areas, even the provision of drainage, and water stagnation is promoting the breeding of Cx. quinquefasciatus and the spread of filariasis due to Wuchereria bancrofti. (2) Several studies have been conducted in different regions of the United States on populations of Cx. p. pipiens complex where both subspecies and their intermediate forms occur. (3) (4) These studies were conducted primarily to demonstrate genetic and morphological changes that occur in the transition zone from Cx. p. pipiens to Cx. p. quinquefasciatus. The main criteria used were difference in the allozyme variation. (5) (6) (7) In Bangladesh, population genetics studies on Cx. quinquefasciatus have not yet been conducted.
Insecticide resistant has developed due to genetic variation in large insect populations. A few individuals in the original insect population are unaffected (resistant) differ from affected (susceptible) individuals either in the nature of the insecticide's target molecules in the insects or in the method the insects use to break down toxin molecules. (8) When the insecticide is applied, individuals who are unaffected by it are those who survive to pass their genes on to following generations. Over time, a greater and greater proportion of the insect population is unaffected by the insecticide. Large number of surviving resistant insects, attempts to control insecticide resistance can indirectly cause secondary peat outbreaks that do yet more health hazards of organisms. (8) The genetic mechanism of Cx. quienquefasciatus, resistance to insecticides especially to organophosphates have been well characterized by esterase (Est) gene amplification. (9) Esterase gene amplification at the Ester superlocus provides organophosphate resistance in the mosquito Culex pipiens. (10) Resistance is one of the most important factors contributing to the ineffectiveness of mosquito control programs. All the populations studied so far showed elevated α-esterases levels in permethrin-selected populations. (11) Insecticide resistance is expected to directly and profoundly affect the reemergence of vector born diseases (12) and threaten disease control. In Bangladesh, there is no specific control program for Filariasis vectors. The extensive use of malathion and permithrine for dengue control and also in pest control would have indirectly contributed to pressure for selection of resistance to insecticides in Culex quienquefasciatus.
Extensive use of different insecticides i.e. the organophosphate insecticides to control the mosquito may have brought about the genetic changes in the populations of Cx. quinquefasciatus. Many mosquito species have already developed resistance against a number of insecticides all over the world. (13) (14) In Bangladesh, synthetic insecticides have been a major tool used in mosquito control programmes for decades and the development of resistance has led to serious problem in the overall mosquito control programme. Dhaka City is the place where insecticides are sprayed very frequently but it is not done in Sirajganj. So there is a great chance of genetic variation in the Cx. quinquefasciatus population of the two areas in terms of insecticide resistance.
Esterase patterns vary among populations and species and are an important tool for analysis of genetic differentiation and evolutionary relationships in several insects. (15) (16) (17) Three major enzyme groups are responsible for metabolically based resistances are esterase, monooxygenase, glutathione-s-transferases (GST) to organophosphates, carbamates, organochlorines and pyrethroids. Resistance has developed to every chemical class of insecticide, including microbial drugs and insect growth regulators. (18) Insecticide resistance occurs either through changes in the targets of insecticides, typically in the nervous system or the gut, or through changes in metabolic enzymes that degrade insecticides before they reach these targets. (19) A population is considered resistant if its response to an insecticide in detection tests drops significantly below its normal response. (20) There were 1797 cases of resistance in arthropods in 1984 (21) and by 1991, resistance to at least one insecticide had been recorded for 504 species (22) In the light of above perspectives, present study attempts to elucidate the trend of resistance in populations of Cx. quinquefasciatus.
Materials and Methods
Esterase patterns of adult males (M) and females (F) of Culex quinquefasciatus complex were studied using polyacrylamide slab gels following the procedure of Hames. The mosquito populations were collected as egg rafts, larvae and pupae from open drain of somewhat stagnant water in Hatirjheel, Dhaka city and Jubileebagan, Sirajganj town. Male and female adults were homogenized in 40 µl of buffer solutions (0.1 M Tris-Borate-EDTA plus bromophenol blue and sucrose at pH 8.9). Homogenates were centrifuged at 12000 rpm for 15 min. After the sample application (10 µl), the gels (7.5% polyacrylamide) were submitted to a constant 120 V, using a buffer system at room temperature (~ 25ºC). The running time was 1.5 h. Variations of this procedure, including changes in gel concentration and running time, was also tested, but the best results, i.e., clear bands for analysis, were obtained with the technique used.
Esterase were identified in the gels following basically the technique described by Johnson et al. (23) and Steiner and Johnson (24) , by using the α and β-naphthyl acetates as substrates. The technique involved gel preincubation for 15 min, at room temperature (~25ºC), in 104 ml 0.2 M sodium phosphates and α and β-naphthyl acetates at pH 8.6, and staining reaction in the incubator (37ºC, 30 min) with a solution containing fast blue ruthenium red. The gels were destained during 15 min in a solution of methanol, glacial acetic acid, and water in a proportion of 2 : 1 : 8. The electrophoretic bands of esterases resulting from staining for napthyl acetates were assigned an increased number with a decrease in mobility.
Results and Discussion
A total of eight esterase bands were detected in different adult individuals of Culex quinquefasciatus of Hatirjheel, Dhaka City and seven bands in Sirajganj Town. They were designated Est-1 to Est-7 from the less anodic to the more anodic ends of the gel (Figs. 1, 2 & Table 1 ). Est-1, the relative mobility is 3.44. Only one sample in Dhaka City and one in Sirajganj Town showed this band. Both the bands were moderately stained. Est-2 was found only in two samples of Sirajganj which are morphologically different from others. They have appeared as 50-100 fold thick reddish band which expresses β-specific nature and high insecticide resistance of that individual than others. Est-3 is the 2 nd band having the relative mobility of 1.88. About 18 samples out of 70 of Hatirjhil, Dhaka City showed this band. But this band was not found in any samples of Sirajganj. Est-4 has the relative mobility of 1.56. In Dhaka city population, 24 mosquito samples showed this band. All most all the bands were moderately stained and two were deeply stained. In the samples of the Sirajganj, 4 showed darkly stained Est-4 band. The relative mobility of Est-5 band was 1.25 and was observed in 37 samples of Dhaka City and 29 samples of Sirajganj Town. Majority showed moderately stained bands, few were faintly and darkly stained esterase bands. The most common band was Est-6. The frequency of this band was very high. Its relative mobility was 1.0. Almost all bands of Dhaka City were darkly stained whereas the bands were lightly stained in Sirajganj samples. Est-7 bands with the relative mobility 0.62 were observed in almost all samples, but they were moderately stained. The relative mobility of the Est-8 was 0.38.
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Key colors: In the present study, the esterase bands of the samples of Hatirjheel were very deeply stained than those of the Sirajganj. The insecticides are not frequently sprayed in Sirajganj town so this may be the reason of the considerably light bands than that of Hatirjheel, Dhaka city. This indicates the more susceptibility of mosquito population of Sirajganj and was supported by our lab bioassay tools. A strong differentiation in the distribution of resistance genes high correlated with the presence or absence of organophosphate insecticide treatments on field populations of Cx. pipiens from Italy. (25) The occurrence of high resistance to malathion and DDT in two field strains of Cx. quinquefasciatus from Kualalumpur indicates that they were under heavy pressures from organophosphorous compounds on adults through indoor and outdoor house spraying of malathion (26) and appears to be true during the study of Dhaka and Sirajganj.
The advantages of using insecticides for mosquito control are that they can be organized within a short period of time, are effective and can produce quick results at reasonably low cost. (11) That the use on a vast and increasing scale has led to the widespread development of insecticide resistance, which has been defined as the development of an ability in a strain of insects to tolerate doses of toxicants which would prove lethal to the majority of individuals in a normal population of the same species. (27) (28, 3, 4, 5, 30, 29, 7) In China, Culex pipiens complex consists of two subspecies, Cx. pipiens quinquefasciatus and Cx. pipiens pallens that were not reproductively isolated. (30) Furthermore, in Sirajganj population two female samples out of 70 found to be produce unique, very thick (~ 50-100fold) bands in Est-2, these specimens were morphologically more or less similar to other samples, alleged to be the occurrence of species complex in Cx. quinquefasciatus.
In light of intensive use of insecticides in agriculture, however, we cannot discard the possibility that the esterase patterns of mosquitoes in Sirajganj town are being affected. This indicates a great social problem for the up coming future generations. Further investigation on Cx. quinquefasciatus will not only help to increase our knowledge in controlling diseases like filariasis, encephalitis but also in controlling this annoying large number of pest.
